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EXPENDABLE SOUND VELOCITY AND 
TEMPERATURE PROBE (XSVT) TO 
INFER SALINITY VERSUS DEPTH 
SEA TEST RESULTS 
A quantity of 156 Expendable Sound Velocity and Temperature 
(XSVT) Probes were manufactured by Sippican Corporation under Contract 
N00014-77-C-0769 to determine the feasibility of manufacturing an expend- 
able probe that simultaneously measures sound velocity and temperature 
to infer salinity versus depth. The existing technologies of the Expendable 
Sound Velocity (XSV) Probe and the Expendable Bathythermograph (XBT) 
Probe were combined to create the dual-functioning XSVT probe. A proto- 
type AN/BQH-7 Recorder, designed to record submarine XBT (SSXBT) 
data, was modified to accept XSV data and was reprogrammed to simulta- 
neously record temperature and sound velocity data on a strip chart recorder 
and on tape cassettes, 
From September 12 - 20, 1978 Dr. M. Miyake, of the Institute of 
Ocean Sciences, Sidney, B.C., Canada, conducted the 'Line-P Experiment" 
aboard the C.S.S, PARIZEAU to compare the Sippican XSVT probe and the 
Grundy(XCTD) probe against the Plessey Model 9050 STD with sound 
velocity probe, the Guildline Model 7800 CTD system, the Ramsey MKI 


sound velocity sensor, and hydrographic bottle casts. During the experi- 


ment Sippican launched 110 XSVT probes at twelve stations in the North 
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Pacific (see Figures 1 and 2). At Station SN1 and Station 7, 36 XSVT 
probes were deployed to provide the XSVT comparison against the Plessey 


Model 9050 STD with sound velocity sensor that is the subject of this report. 


DATA ANALYSIS 

Data from the CTD cast Number 17 made on September 17, 1978, 
beginning at 20:20 at Station SN1 have been compared with a series of XSVT 
probe launches at the same location beginning at 19:25 and ending at 22:27. 


XSVT probe data were sampled at 100 ms intervals during probe descents. 


The equation for depth is: 


H = 5, 706t ~ 0, 0026t2 


Where H is depth in meters and t is time in seconds, For every five 
meters of descent the above equation was used to calculate t at that depth, 
Since data were sampled every 100 ms, the equation: 
Sample number = t(seconds) x 10 sampres 
econ 
gives(when rounded to the nearest whole number) that sample which is closest 
to a given depth increment, This process allowed comparison of data at 


approximately 5 meter intervals as listed in the computer printouts. 
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FIGURE 2: 


The Sippican Corporation 


For each 5 meter increment recorded sound velocity and temperature 
data were used in Lovett's third equation* to calculate salinity, Pressure in 


the equation was calculated from: 


P = H(1. 0072) 


which produces no larger than an overall .1% depth error when compared 
to the cast 17 pressure data, 


Thirty-six probes were launched at the SN-1 location. Twenty-seven 


Less 


probes provided both acceptable sound velocity and temperature data. Tem- 
perature data were disrupted after 400 meters for many of the probes due to 
wire leaks, but sound velocity, which is essentially immune to minor wire 
leak problems, continued to provide good data throughout most of the launches. 

Computer plots of the data (see Appendix) show the cast 17 data for 
temperature, sound velocity, and salinity in red. All XSVT plots are in black 

- and are right-shifted exactly two major chart divisions from each other. 

Probe identification is given directly below each plot. 


Comparison of plotted CTD and XSVT temperature data shows good 


PME NPR LEA A it OE tO 


'- agreement in the mixed layer to within .08°C. Repeatability is good also. 
U Sound velocity data are repeatable but consistently high by .2 to .3 m/sec. 
| Detection of the thermocline occurs approximately 8 meters deeper with 


the XSVT probes, and is fairly consistent for all the probes. The 8-meter 


3 


*J,R. Lovett, ''Merged Seawater Sound-Speed Equations, " 
J. Acoust. Soc. Am,, Vol, 63, No, 6, June 1978 
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offset appears continuous throughout those areas of changing temperature 
or sound velocity and is somewhat undiscernible after 300 meters due to the 
smoothness and consistency of the data. Salinity plots show low frequency 
oscillation around the CTD salinity profile in the order of .25 to .5HZ, 
with peak-to-peak amplitudes of .2 to .5 parts per thousand. The fluctu- 
ations are fairly symmetrical and center along the CTD profile within .1 
to .2 parts per thousand in most cases. Their causes are due mostly to 
the presence of low frequency and 60-cycle interference in the DC sourced 
temperature data, Calculation of salinity thus produces an amplification 
of the inherent noise as shown on the salinity plots. Drastic salinity devi- 
ations are caused by wire leaks grossly offsetting temperature data. 
Based on recent tests performed at the NATIONAL SPACE TECH- 
NOLOGY LABS, it has been determined that a significant error in sound 
velocity is introduced due to a change in ambient temperature of the potted 
probe electronics. Carefully controlled measurements of a number of 
probes revealed that a 10°C drop in ambient temperature produced a posi- 
tive error of approximately .2 m/sec. All the probes used in the Line-P 
Experiment were calibrated at approximately 25°C; thus, storage of the 
probes at temperatures less than 25°C would introduce an offset error and 
the resulting readings would be proportionately higher. It was also deter- 


mined that the thermal time constant of the electronics potting was about 
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four minutes, although almost insignificant here since the drop time was 
under three minutes, Finally, another contributing factor has since been 
discovered causing a significant positive offset to the data independent of 


environmental conditions. After the transducers were calibrated the wire 
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leads were shortened prior to final assembly into the probe body, The 
shortening of the leads caused a fixed offset in the carrier frequency resulting 
in a positive offset of .1 to .3m/sec., 

Conclusively, all sound velocity data gathered in this test are expected 
to be high by .1 to .3 m/sec. due to a calibration problem and .2 m/sec. per 
10°C drop in storage temperature from 25°C due to the temperature sensiti- 
vity of the electronics package. Thus, the accuracy of the salinity data is 
limited by the inaccuracies of the sound velocity data. Close analysis of the 
salinity plots reveals that in most cases the average salinity follows that 
measured by the CTD to within t .2 parts per thousand. 

A number of corrective steps have been taken since this experiment 
to improve the accuracy and reliability of future data. An attempt has been 
made to minimize 60-cycle interference in the recorder by shielding the 
transformer, rerouting the power wires, and installing line filters. A noise 
problem on the bridge circuit has been eliminated by the removal of a high 
frequency signal which was in close proximity to an analog-to-digital con- 


verter integrating capacitor, Also, more stringent probe calibration pro- 
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cedures have been incorporated, transducer lead lengths are maintained, 
and the electronics package is being analyzed in an attempt to minimize the 


effects of ambient temperature changes, 


PROBLEMS 

1. The sound velocity offset can be caused by a temperature ceofficient 
problem in the thin-film hybrid circuit and by the shortening of the trans- 
ducer leads. The transducer lead length can be controlled in future probes 
but the hybrid circuit problem has not been resolved. 

Ze Noise on temperature data can be caused by recorder-induced noise, 
by the XSV signal, or possibly by the Guildline or Plessey STD coupling 

noise into the wire. Corrections have been made to the production AN/BQH-7 
recorder to reduce the recorder-induced noise. Further testing is needed 

to determine if noise problems remain. 


3. The XSVT probe wire consistently fouled with the cable of the Guild- 


line or Plessey instruments due to poor weather and wind conditions. When 


the XSVT wire came into contact with the cable, the insulation of the XSVT 


i wire was usually damaged, degrading the temperature data, 
if It would be misleading to determine a probe yield on this sea test. 
The incidence of wire leaks for the XSVT probe should equal the incidence 
| 
| of wire leaks for a new XBT probe. The XSV portion of the probe func- 
{ tioned in most cases despite wire leaks. 
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APPENDIX 


APPENDIX 1 - Station SN1 


Probe Index - Station SN1 

Temperature Plots 

Sound Velocity Plots 

Salinity Plots 

Temperature - Salinity Plots 

Plessey Model 9050 STD with Sound Velocity Probe Data 


XSVT Data Plus Calculated Salinity 


APPENDIX 2 - Station 7 


Probe Index - Station 7 
Plessey Model 9050 STD with Sound Velocity Probe Data 


XSVT Data Plus Calculated Salinity 


Se Te a eee ee te 


R-929 The Sippican Corporation 


APPENDIX 1 


ee eee 


The Sippican Corporation 


XSVT PROBE INDEX - STATION SN-1 


Probe 
Serial Date of 
Number Launch 


515 9/17 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 


526 


XSVT PROBE INDIX - STATION SN-1 (Continued) 


Probe 
Serial 
Number 


556 
557 
558 
559 
560 
561 
575 
576 
577 
578 
579 
580 
581 
582 
583 


584 


585 


586 
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Date of 
Launch 


9/17 


Time 
Zulu 


20:49 
20:50 
21:00 
21:05 


21:10 


21:22 
21:31 
21:35 
21:43 
21:48 
21:53 
21:59 
22:03 
22:12 
22:18 
22:22 


22:27 
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1502.86 
1562.89 
1502.96 
1503,64 
1583.13 
1583.19 
1562.65 
1493.94 
1491.37 
1483.65 


1486.15 - 


1433.42 
1482.13 
1481.29 
1480.54 
1479.97 
1479.28 
1473.56 
1477.95 
1477.51 
1477.89 
1476.82 
1475.60 
1476.41 
1476.25 
1476.16 
1476.17 
1476.21 
1476.23 
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1475.43 
1476.47 
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id7e.i4 
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LIHE Po Vb ebe bask ot 
CTD Sensor Humber 8228 Seike renava) 
Dates BIvLF<197S8 . Time: 2 
Derth d6ars Temp 
305.0 507.5 4.7 
310.0 312.4 4.71 
315.8 7.4 - 467 
320.0 322.4. 4.64 
325.08 327.5 4.59 
330.0 332.5. 4.57 
235.0 337.6 4.53 
340.0 342.6 4.58 
345.0 347.7 4.47 
350.8 352.7 4.46 
355.0 357.8 4.41 
‘ 360.0 362.8 4.40 
‘ 365.0 367.8 4.39 
378.9 372.9 4.38 
/ 375.0 377.9 4.37 
380.0 383.8 4,36 
335.4 333,08 2a4 
390.8 - 393.1 4.33 
395.0 NOG, 3. 4.31 
400.8 403.2 4.29 
4as.o 408.2 4.26 
$10.0 413.3 4.25 
: 415.6 418.3 4.24 
| 20.8 423.3 4.23 
4 425.0 $28.4 4.21 
a \ 430.8 433.4 4.19 
3 435.0 $233.5 4.18 
Ce 440.0 443.5 4.14 
1 Q— -445.0. 448.6... 4.14 
>) 450.0 453.6 4.12 
ae 455.0 458.7 4.09 
o 460.0 463.7 4,09 
Ra 465.9 468.8 4.409 
3 478.0 473.8 | 4.06 
a 75.0 478.9 4.08 
fa > 430.0 4383.9 4.4@9 
g 3 435.0 $89.0 4,49 
= 490.0 494.0 4.123 
| Be 495.0 499.1 4.13 
: & 500.0 584.1 4.49 
: “y 505.0 509.2 4.45 
510.0 514.2 4,05 
515.0 519.3 4.83 
7 520.8 524.3 4.02 
ay 525.0 529.4 «4,00 
A 530.6 534.4 3.99 
wr ae 535.6 339.0 3.37 
es $40.6 544.5 3.96 
||} 545.8 549.6 3.937 
1{ Oe 550.0 554.6 3.95 
Me 555.0 559.7 3.94 
. 560.0 Se4.7 3.94 
565.0 569.8 3.34 
570.0 574.8 3.92 
575.0 579.9 3.91. 
526.8 584.9 3.92 
535.8 599.6 3.90 
}) 590.0 595.0 3.89 
Jie 535.68 60.1 3.83 
F 60, 605.1 3.86 
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MSVEL 
1473.43 
1473.01 
1472.95 
1472.89 
1472.76 
1472.73 
1472.65 
1472.64 
1472.65 
1472.65 
1472.59 
1472.61 
1472.63 
1472.71 
1472.88 
1472.80 
1472.38 
1472.83 
1472.84 
1472.83 
1472.83 
1472.88 
1472.94 
1472.95 
1472.98 
1472.96 
1472.99 
1472.96 
1473.41 
1473.02 
1473.66 
1473.08 
1473.13 
i47F3.1i4 
1473.31 
1473.43 
1473.53 
1473.82 
1473.88 
1473.69 
1473.74 
1473.73 
1473.7? 
1473.81 
1473.81 
1473.88 
1473.98 
1473.97 
1474.43 
1474.@8 
1474.14 
1474.23 
1474.38 
1474.38 
1474.37 
1474.48 
1474.49 
{474.52 
{474.54 
1474.56 

eo 
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1473.18 
1473, 11 
1473.05 
1473.00 ° 
1472.88 
1472.89 | 
1472.80 
1472.78 ° 
1472.79 
1472.76 
1472.69 
1472.71 -,¢ 
1472.74 
1472.81 24 
1472.89 ¥j 
1472.90 
1472.91 
1472.93 
1472.95 |, 
1472.93 © 
1472.94 3 
1472.99 
1473.83 x 
1473.05 : 
1473,07 . 
1473.08 4 
1473.11 
1473.86 
1473.18 
1473.14 
1473.10 ;’ 
1473.17 , 
1473.23 .4 
1473.25 “6° 
1473.39 
1473.52 
1473.64 
1473.90 
1473.98 
1473.83 
1473.83 
1473.90 
1473.39 
1473.93 2 
1473.94 
1473.98 
1474.01 
1474.06 
1474.16 
1474.19 
1474.24 
1474.32 
1474.40 
1474.42 
1474.44 
1474.57 
1474.59 
1474.62 
1474.66 
1474.67 
ALATE 


enh <a Seco SCI 
me ame 
|) See LIME PSS te Ratt (8b Pesition 49 240m 133-25. 300 
er CTD Sensor Humber 6228 Srike removal Lovett #2 Page ac , 
bof: Dates O917“19TS Time? 2125 & 13seconds 
Derth dBarse Temp Sal MSYEL CSYEL#2 
505.0 610.2 3.94 34.16 1474.53 1474.66 
619.8 615.2 3.82 34.13 1474.58 1474.63 «3-8 
615.0 620.3 3.91 34.16 1474.54 1474.68 He 
620.8 625.3 3.76 34.19 1474.54 1474.68 4 
625.0 630.4 3.76 34.20 1474.64 1474.72 
634.0 635.4 3.79 34.20 1474.79 1474.89¢ 
635.8 649.5 3.77 34.20 1474.79 1474.90 
640.8 645.5 3.76 34.28 1474.84 1474.95 4 
645.0 650.6 3.74 34.21 1474.88 1474.98 
658.0 655.6 3.74 34.21 1474.93 1475.64 -# 
655.0 660.7 3.73 34.21 1474.98 1475.08 2. 
660.8 665.8 3.72 34.22 1475.04 1475.15 “3; 
665.0 674.8 3.72 34.22 1475.15 1475.24 <4 
670.6 675.9 3.71 34.21 1475.17 1475.27 fe: 
675.0 630.9 3.71 34.23 1475.26 1475.36 1 
680.0 686.9 3.71 34.22 1475.32 1475.42 sf 
685.0 691.0 3.78 34.22 1475.36 1475.49 °° 
630.0 696.1 3.68 34.24 1475.37 1475.48 °°: 
695.8 701.1 3.67 34.24 1475.48 1475.52 -.. 
700.8 706.2 3.66 34.24 1475.47 1475.58 >. 
705.0 711.2 3.66 34.25 1475.59 1475.67 «:. 
710.0 716.3 3.67 34.25 1475.67 1475.77 
715.8 721.4 3.66 34.24 1475.69 1475.83 « 
720.6 726.4 3.64 34.25 1475.72 1475.84 . 
725.0 731.5 3.64 34.26 1475.81 1475.90 |. 
738.0 36.5 3.63 34.25 1475.83 1475.96 * 
735.0 41.6 3.61 34.26 1475.85 1475.95 
740.8 46.6 3.63 34.28 1476.07 1476.15 
“yah 745.8 751.7 3.64 34.27 1476.15 1476.26 ‘ 
: 758.9 756.7 3.63 34.27 1476.22 1476.33 . 
¥ 755.8 761.8 3.63 34.28 1476.32 1476.42 . : 
the 760.0 766.9 3.63 34.27 1476.37 1476.48 0.11% 
; Means Siama & # of Sound Velocity differences -@.11 0.017 29.325 a 
L= 153.00 Regt es 
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§.".- rou oort 
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aoe easement tem = + = 


Com Pats he, tet Ph. Peer thtem dt SPH Pst Soe 


i= A TM ete eet Peabo bet beth termewol Lovett #2 Page eae Pr 
Gxie Date: Wels duss  Timet 22fe f eiaenonds 7 
Terth dBars Tene Sol HSYEL CSVYEL#2 
Lg 10.8 14.73 32.32 (582.77 1502.82 
a icon iS.1 14.73 -48.93 1502186 1502.92 
os oH. 20,1 124.73 32.33 1502.94 1563.00 | 
tees 25.0 25.1 14.74 32.32 1593.01 1503.98 *) 
Lhsths ; 38.0 30.2 14.72 32.31 1563.01 1503.12 .« “RS 
sae 350 35.2 11.47 -3! 1495.94 1496.04 st=0, 10M 
Ka op 40.2 11.23 32 1491.70 1491.86 +0, 16% 
“ae: =A 45.3 16.42 1488.99 1489.00 */-0,10 
+ 50.0 sa.3 9.91 1486.97 1487.26 
\ 55.8 55.3 9.40 1485.44 1485.57 
ea 60.0 60.4 9.12 1484.48 1484.59 .- 
rod 65.0 65.4 8.52 1482.38 1482.43 - 
kan roa 78.4 8.13 1481.01 1481.11 
pee 75.8 73.5 7.72 1479.45 1479.67 | 
pig k s0.0 0.5 7.41 1478.52 1478.63 ~* 
“FS $5.0 85.6 7.27 1478.08 1478.22 
fs 90,0 90.6 7.07 1477.44 1477.57 
"hay 95.0 95.6 6.93 1477.07 1477.20 
. 190.8 100.7 6.77 1476.62 1476.74 - 
e 185.4 105.7 6.70 1476.55 1476.64 - | 
a. 110.4 110.7 6.66 1476.54 1476.59 
2 115.0 115.8 6.56 1476.17 1476.31 
120.0 120.8 6.47 1476.03 1476.14 
. 125.8 125.9. 6.41 1476.08 1476.10 
130.0 130.9 6.36 1475.98 1476.07 
135.0 135.9 6.33 1476.04 1476.09 
5 \ 140.0 141.0 6.31 1476.09 1476.16 
@ g 145.0 146.0 6.30 1476.17 1476.17 
Ps 150.0 151.8 6.28 1476.21 1476.30 
: 53 155.0 156.1 6.25 1476.29 1476.36 
i no 160.0 161.1 6.24 1476.35 1476.43 
& Ze 165.4 166.2 6,20 1476.37 1476.47 
te o Q 17a.6 171.2 6.19 1476.48 1476.50 
he as 175.4 176.2 6.15 1476.33 1476.48 
“ 3 180.0 181.3 6.11 1476.33 1476.43 
: a5 185.9 136.3 6.09 1476.36 1476.44 
5 ions 174.0 191.4 6.05 1476.33 1476.41 
~ 23 195.0 196.4 6.81 1476.29 1476.31 
¥ a 200.0 201.4 5.99 1476.27 1476.23 © 
| Ee 205.0 286.5 5.96 1476.26 1476.36 
Mg & 210.0 211.5 5.91 1476.06 1476.24 © 
215.0 216.6 5.74 1475.54 1475.64 
e 220.0 221.6 5.69 1475.36 1475.52 
‘¢ 225.0 226.6 5.61 1475.22 1475.32 
Sf 230.0 231.7 5.59 1475.26 1475.34 
‘ 235.0 236.7 §.33 1475.04 1475.16 
; 240.0 241.8 5.46 1474.84 1474.96 
245.0 246.8 5.33 1474.63 1474.7 
250.0 251.8 5.30 1474.33 1474.49 
255.0 256.9 5.19 1474.05 1474.14 
260.0 261.9 5.16 1473.94 1474.10 
265.0 267.0 5.12 1473.81 1473.99 
270.0 272.8 5.06 1473.73 1473.36 
275.0 277.1 5.63 1473.72 1473.83 
260.0 282.1 5.00 1473.71 1473.79 
285.0 287.1 4.99 1473.75 1473.35 
230.0 292.2 4.95 1473.68 1473.79 
295.0 297.2 4.91 1473.59 1473.69 
300.9 302.3 4.86 1473.47 1473.57 | 
305.0 307.3 4.80 1473.31 1473.42 8. 


Means ziama % # of sound velocity difterences -@.11 6.049 “60 


ean etn ay -snenenne + — a oe ee ee ng —we — 
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lye gd a, 
LINE P TSE Cast 1986 9 Position 49-24°H 193-25°H Ba fs 
CTH Sensor Number 6220 Spike removunl Lovett #2 Pase 2 whey daaes 
Date: GQeLF-1978 Time: 2223 & 28seconds on” 
Tlerth dbars Temp Sal MSVEL CSVEL#2 “Dif — He 
319.8 312.4 4.76 33.91 1473.22 1473.31 + -0,09¢% 
315.4 3i?v.< 4.73 33.89 1473.11 1473.27 4 ‘ 
320.8 322. °¢ 4.65 33.91 i472.92 


2.4 
325.0 327.5 4.68 33.91 1472.78 
330.0 332.5 4.57 33.92 1472.81 
335.0 337.6 4.56 33.93 1472.85 
348.6 342.6 4.53 -33.94 1472.79 
345.8 347.7 4.52 33.94 1472.85 


350.0 2352.7 4.51 33.94 1472.99 
355.0 357.8 4.50 33.95 1472.95 
360.0 362.8 4.49 33.94 1472.94 
365.0 367.8 4.46 33.94 1472.94 
370.8 372.9 4.44 33.95 1472.99 
375.8 377.9 4.44 33.96 1473.02 
380.0 383.9 4.41 33.96 1472.97 e-8. 11% 
385.0 383.0 4.38 33.96 1472.96 $0. O9jee 
390.0 . 393.1 4.36 33.94 1472.97 1473.01 “-8.0¢@ 
335.0 398.1 4.35 33.99 1473.00 1473.11 --0,119% 
400.0 483.2 4.32 33.98 1473.00 1473.09 -0.09%° 
a 405.0 483.2 4.31 33.98 1472.99 1473.10 |-@.115 
4 410.0 413.3 4.29 33.99 1473.02 1473.10 - 3-0, 088" 
5 415.0 418.3 4.29 33.99 1473.05 1473.16 “7-0. 119 
g 420.0 423.3 4.25 34.00 1473.01 1473.12 ° 3 
2 425.0 428.4 4.24 34.00 1473.07 1473.17. | 
R38 430.0 433.4 4.22 -34.02 1473.09 1473.19° | 
3 435.0 438.5 4.20 34.01 1473.06 1473.18 
Z& 440.0 443.5 4.16 34.02 1473.04 1473.13 
oq 445.0 448.6 4.16 34.02 . 1473.11 1473.19 
; 450.0 453.6 4.15 34.04 1473.18 1473.27 
3 455.0 458.7 4.15 34.05 1473.27 1473.35). 


460.0 463.7 4.15 34.05 1473.35 1473.44 3% i 
465.0 468.8 4.16 34.05 1473.47 1473.55 4'-@,.08g | 


THIS PAGE IS BEST 


34.15 1474.32 1474.42 a 
34.16 1474.36 1474.47 '* 
34.16 1474.36 1474.46 
34.18 1474.42 1474.52 
34.17 1474.48 1474.59 
34.19 1474.52 1474.64 
34.16 1474.48 1474.60 
24.17 1474.4 1474, 52 


& 470.0 473.8 4.17 34.07 1473.60 1473.69 4p 
Ve 475.6 478.9 4.15 34.07 1473.60 1473.70 °< 
‘ & 430.6 433.9 4.14 34.08 1473.65 1473.75 
435.8 439.8 4.41 34.08 1473.59 1473.70 
rh! 490.08 494.0 4.10 34.02 1473.67 1473.75 - 2 
& 495.0 499.1 4.10 34,08 1475.73 1473.83 
» 500.6 54.1 4.68 34.08 1473.75 1473.84 ° 
é 510.8 5i4.2 4.05 34.10 1473.77 1473.89 
‘ 515.8 519.3 4.04 34.09 1473.82 1473.93 
i, 520.0 524.3 4.01 34.09 1473.77 1473.9¢ 
ait 525.0 529.4 3.99 34.11 1473.88 1473.92 
ny 530.8 534.4 3.97 34.12 1473.84 1473.93 
ae 535.0 539.5 3.97 34.12 1473.91 1474.00 
Be 540.6 544.5 3.96 34.13 1473.96 1474.05 
Xt 545.6 549.6 3.95 34.14 1474.02 1474.11 
ct. 550.0 $54.6 3.95 34.14 1474.08 1474.18 
. 555.08 559.7 3.94 34.14 1474.15 1474.25 } 
3 560.0 564.7 3.94 34.14 9 1474.20 1474.31 
: 565.9 569.8 3,93 34.15 1474.26 1474.35 | 
3.92 
3.91 
3.89 
3.88 
3.88 
2.87 
3.385 
i ed 


45.80 

7398.8 

Yoo. 

Means Sigma & # of Sou 
151.46 


LINE FP YS Hie ast 196 Position t9-249H b3a-25°H 
“ae OTD Sensor Munber 6220 Sreike temporal Lovett #2 Page 
Dates H91F 8197S Times 222e9 & 28seconds 
Derth dBars Ter Sal MNSYEL 
618.8 615.2 3.79 34.18 t474.45 
6ts.8 628, 3 Serr 34.198 1474.49 
620.0 625.3 3.78 34.208 1474.63 
625.8 5630.4 3.79 34.28 1474.74 
638.8 635.4 3.79 34.19 1474.86 
635.8 648.5 3.79 34.20 1474.87 
648.8 645.5 3.78 34.26 1474.92 
645.8 658.6 3.fr) 34.26 1474.97 
650.9 655.6 3.76 34.28 1475.68 
655.0 6e6a.7 3.75 -34.19 1475.83 
’ 668.8 665.8 3.f2 34.21 1475.65 
665.0 678.8 3.72 34.22 1475.11 
678.0 675.3 3.71 34.22 1475.17 
675.8 680.3 3.78 34.22 1475.28 
630.5 636.8 3.78 34.23 1475.28 
me 635.8 691.8 3.71 34.24 1475.47 
ees 698.9 696.1 3.73 34.24 1475.63 
: 695.0 . eat.t 3.74 34.25 1475.75 
Faa.e rHs6.2 3.f°4 34.25 1475.81 
795.8 “il.2 3.f2 34.26 1475.84 
Fig.a 16.3 3.r2 34.26 1475.92 
715.6 rei.4 3.72 34.26 1475.98 
728.8 r26.4 3.71 34.27 1476.62 
725.8 tala 3.78 34.27 1476.07 
738.8 736.5 3.69 34.26 1476.68 
735.8 741.6 3.67 34.27 1476.11 
748.08 746.6 3.66 34.27 1476.15 
folec 3.65 , 
‘56.7 3.64 
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APPENDIX 2 


R-929 The Sippican Corporation 


XSVT PROBE INDEX - STATION 7 


Probe 
Serial Date of Time 
Number Launch Zulu_ 
527 9/18 
531 9/19 00:00 
532 00:04 
533 00:09 
534 00:14 
535 00:19 
536 00:26 
537 00:30 
; 538 00:35 
539 00:40 
623 00:47 
624 00:52 
627 01:32 
629 01:44 
= 630 01:50 
| 631 02:00 
. 632 02:02 


: . 
| | } R-929 The Sippican Corporation 
XSVT PROBE INDEX - STATION 7 (Continued) 

Probe 

Serial Date of Time 

Number Launch Zulu 
633 9/19 02:08 
599 02:20 
600 02:24 
601 02:31 
602 02:36 
603 02:42 
604 02:48 
605 02:54 
606 02:58 
607 03:05 
608 03:10 
609 03:15 
610 03:19 
Invalid -- 

| | 
ai 
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The Sippican Corporation 


OE ERT RE NEM I 


PLESSEY MODEL 9050 STD 
WITH SOUND VELOCITY PROBE 
DATA AT STATION 7 


eet een fer MRAP REEMA AO A i an apo ee 


| ee SY | Pees d trate be Pee UE bets deat 


CTD Seresect Uenekee pe Spork peeetand Laer Lt #2 Pave 
Date? BIVIS- LAs limet 235u & SSsecongs > Se ih 
Berth dBars Tear Sal NSVEL CSVEL#2 |. 
> 5.0\ 5.0 15.16 32.34 1584.13 1504.15 
10.48 14, 15.12 32.34 1584.92 1564.69 
15.8 15. 15.07 32.35 1583.99 1584.61 
28.8 2a, 18.86 32.35 1564.83 1564,06 


15.05 32.37 1584.18 1504.14 
15.05 32.35 1504.18 1504.20 
15.05 32.35 1504.26 1584.23 


WOW Do Issam HONS ooh Om a i oo 
P-TheeK CINK oe HON oh A OE 


1476.95 1477.89 


. 
Py 
—_ 
me 
S 
e 


a 
1 
1 
1 
2 
44.8 46.2 14.41 -32.35 1582.28 1502.32 
45.8 45.3 11.89 -32.54 1494.09 1494.26 
4.68 39.3 10.88 -32.52 1498.31 1496.43 
3.4 55.3 148.808 2.68 1437.6f 1487.34 
8.8 5a.4 3.44 2. 1485.75 1485.98 
7.8 65.4 -32. 1484.43 1484.54 
8.8 raed . “32. 1482.02 1482.13 : 
3.8 73.9 . 2. 1431.82 1481.83 © 
8.48 88.5 . 2. 1438.79 1481.64 
5.4 85.6 . 2. 1420.17 1486.32 
a.8 90.6 . ee 1479.46 1479.69 
3.8 95.6 . 2. 1478.83 1479.02 
H.8 108.7 . 2. 147S.28 1478.54 
5.8 185.7 . 14°7.23 1477.48 
8 e 
Je 3 
a. 
5 * 
f. 
3 
a 


a IPI ee eR I a 0 do 3 69 Td 
= 3 


1 
a 
a 1 . 
& 115.8 tts, ° 1476.68 1476.76 
2 128.8 128.8 ‘ ; 1476.68 1476.75 
“« A128 125.9 ‘ , 1476.52 1476.62 
BQ 130.0 138.9 , : 1476.49 1476.59 
ae 135.8 135.9 . . 1476.47 1476.53 
Sa 1468.8 141.8 : 1476.42 1476.52 
78 145.0 146.0 6. : 1476.44 1476.54 
158.0 151. : : 1476.52 1476.60 
155.48 156, 1476.55 1476.63 


1476.57 1476.65 
1476.63 1476.72 
1476.65 1476.72 
1476.46 1476.53 
1476.34 1476.49 
1476.21 1476.38 


FLAMIN YD OD K MMM MowShAMM~ OMe MOD Bs 


WOH oO YOWVwoOMiIe By AMUN oe BoM IMSeISWMMwMUAeoORtkoE 


THIS PAGE IS BEST 


FROM OOrY Punils 
fx 
Bx 


hy th 
i f we a dd 
D = 
a = J 
fo haf 
fh — 
an 


9 ~J ~J 


Dw 
WW WWWWWI WWW WWW WOIO WhO 


CPE CM HC IT a Hn a TT eT a 9 


176. 
18 181. 
135 136. 
198.8 “P91. ‘a a 1476.83 1476.20 
195.8 136. ; ‘ 1475.89 1476.82 
200.8 Z2o1. ‘ ‘ 1475.69 1475.79 
285.8 206. . e 1475.48 1475.61 . 
2 211. ’ - 1475.36 1475.47 |. 

% .82) 1474.93 1475.19 

2 i 3.85 1474.67 1474.88 
225.6 226.6 : 3 {474.68 1474.79 .° 
236.8 231.7 ‘ji Js 1474.46 1474.66 
235.8 236.7 ‘ ce 1474.36 1474.49 
240.8 241.8 5.2 3. 1474.68 1474.24 

3. 1474.64 474,13 


1474.82 1474.13 
1473.83 1473.97 
1473.66 1473.75 , 
1473.66 1473.73 
1473.47 1473.63 
1473.30 1473.46 
1473.18 1473.29 
1473.13 1473.23 
1473.10 1473.19 
1472.99 1473.11 
1473.82 1473.12 ‘- 
rences -@.11 6,852 


M99 00 00 09 00 00 09 C9 00 OO OD OD OO OD OO OD 


9D I I TT OT i OT 


Means siamo % # of fou 


‘ 
De renee ETS Wn a enna Sek ar Se 


os LIME Pb Vs-Ate Cask 24 Peesttion 4-209 132-469 
eee CMD Sensor tinker 6220 Srike removal Lovett #2 Pave 
i Date: B91861973 Time: 2350 & SSseconds 
? Derth dBars Temp Sal MSYEL CSVEL#2 
345.8 307.3 4.74 33.89 1473.82 1473.13 
Cr’ 310.6 312.4 4.7 33.29 1473.92 1473.11 
\ 315.8 Siv.4 4.69 33.89 1472.97 1473.89 ©. 
en 326.8 322.4 4.66 33.91 1472.98 1473.07 §, 
“hes. 325.9 327.5 4,64 33.91 1472.99 1473.08 
& 338.8 332.5 4.61 33.90 1472.98 1473.03 id: 
eek 335.8 337.6 4.57 33.91 1472.82 1472.95 4 
& - 348.8 342.6 4.53 33.92 1472.88 1472.90 ", 
Y 345.8 347.7 4.50 33.91 1472.72 1472.34 
seh : 354.8 SOS et 4.46 33.92 1472.58 1472.74 
are 355.0 357.8 4.42 33.94 1472.62 1472.71 -- 
“es 360.8 362.3 4.42 33.95 1472.72 1472.79 © -O.07 8% 
BRN 365.8 367.8 4.38 33.94 1472.57 1472.70 7*=0,13 
Py 376.6 372.9 4.35 33.94 1472.51 1472.64 +#-0, 139% 
Leite 375.8 377.9 4.32 33.95 1472.52 1472.64 ““%9, 12 Ey 
Pe ss 338.68 383.8 4.30 33.95 1472.54 1472.63 +#r0.0 
ste 335.4 388.9 4.29 33.95 1472.59 1472.68 © -@,09 
err 330.8 393.1 4,23 33.97 1472.60 1472.76 
ae 335.8 338.1 4.26 33.93 1472.65 1472.74... 
400.8 483.2 4.24 33.98 1472.62 1472.72 
$85.8 483.2 4.23 93..9¢ 1472.67 1472.77 -» 
414.6 413.3 4.23 33.99 1472.74 1472.35 


415.0 418.3 4.21 34.01 1472.86 1472.92 
420.0 423.3 4.21 34.01 1472.86 1472.97 
425.0 $23.4 4.20 34.01 1472.90 1473.01. 
430.0 433.4 4.18 34.01 1472.90 1473.60 
435.0 438.5 4.16 34.92 1472.93 1473.02 
440.0 443.5 4.15 34.02 1472.95 1473.06 
445.0 448.6 4.14 34.02 1472.98 1473.09 


. ‘i : * 
ty ae SN, RS ye ate 
SERIE + ES 
mie 


ary 


EST QUALITY PRACTICASLa 


s 


34.12 1473.52 1473.63 
34.11 1473.56 1473.67 » 
34.12 1473.66 1473.70 © 
34.13 1473.63 1473.73 9." 
34.13 1473.67 1473.77 ° 
34.14 1473.74 1473.33 
34.14 1473.86 1473.91 
34.15 {473.86 1473.96 
585.4 598.6 34.15 1473.88 1473.99 
536.8 595.8 34.16 1473.93 1474,83 
5375.6 669,1 3.75 34.16 1474.08 1474.18 
640.0 685.1 3.74 34.16 1474.06 1474.15 
o. WW ast verte botte Dee it EE -penee - a ALOK 


546.6 544.5 
545.0 549.6 
558.8 354.6 
555.0 359.7 
560.9 — ? 
565.8 557.5 
578.0 574.8 
575.0 579.9 
536.08 534.9 


peter. 


* 
ee 


cn 

Ty 

ps 
eee 


> 
. 


YD ¥ 


° 
a 
2 450.0 $53.6 4.13 34.03 1473.04 1473.14 
a $55.0 458.7 4.11 34.03 1473.05 1473.15 
4 q 460.0 463.7 4.09 34.04 1473.08 1473.19 
3 465.0 468.8 4.63 34.04 1473.08 1473.19 ¢ 
Fs be 470.0 $73.8 4.86 34.05 1473.11 1473.22 
ef m 475.0 $73.9 4.63 34.05 1473.08 1473.19 
ae ox 436.0 433.9 4.61 34.86 1473.18 1473.21 
ee. ag 435.0 439.8 4,01 34.86 1473.18 1473.27 
M4 a 420.6 $94.0 4,99 34.06 1473.18 1473.29 
= EE 495.8 499.1 3.98 34.06 1473.21 1473.31 
, ae 500.0 504.1 3.96 34.07 1473.22 1473.33 
aes 505.0 509.2 3.95 34.07 1473.26 1473.36 
Be 510.90 Si4.2 3.94 34.08 1473.29 1473.40 
Sst 520.0 524.3 3.92 34.16 1473.44 1473.54 - 
te 525.0 529.4 3.92 34.10 1473.49 1473.60 13 
“a 536.0 534.4 3.99 34.69 1473.45 1473.59 
a 535.0 539.5 3.87 34.11 1473.47 1473.58 
3.86 
3.35 
3.84 
3.82 
3.81 
3.80 
3.79 
3.78 
3.78 
3.76 
3.75 


4 
. 


2% 


SD edo eet 2p 


LINE FOR HE 


CTD Sensor Humber 6228 Spike renal Lovett #2 

Date? O9/18-1978 Time: 2358 & S5seconds 
Derth dBars Temp Sal MNSYEL 
645.8 616.2 3.73 34.16 1474.08 
614.8 615.2 3.f2 34.17 1474.16 
615.6 620.3 3.fl 34.17 1474.17 
628.8 625.3 3.78 34.18 1474.26 
625.8 638.4 3.78 34.18 1474.34 
638.4 635.4 3.78 34.18 1474.46 
635.6 640.5 3.78 34.18 1474.49 
648.8 645.5 3.69 34.19 1474.53 
645.0 658.6 3.63 34.19 1474.57 
658.0 655.6 3.6f 34.20 1474.64 
655.8 660.7 3.67 234.28 1474.76 
668.8 665.8 3.66 34.20 1474.77 
665.6 678.8 3.55 34.26 1474.81 
670.8 675.9 3.64 34.21 1474.86 
675.8 638.9 3.64 34.21 1474.92 
630.8 686.8 3.63 34.21 1474.94 
635.86 691.8 3.61 34.21 1474.92 
698.8 696.1 3.59 34.22 1475.06 
635.6 rHi.1 3.58 34.22 1475.61 
748.8 rH6.2 3.57 34.22 1475.06 
785.08 711.2 3.56 34.22 1475.12 
718.6 716.3 3.55 34.23 1475.17 
715.0 rei.4 3.55 34.2: 1475.26 
720.8 726.4 3.54 34.24 1475.29 
725.8 731.5 3.53 34.24 1475.32 
7380.8 736.5 52 34.25 1475.41 
735.0 741.6 3.52 34.25 1475.46 
748.8 746.6 3.52 34.25 1475.53 
745.09 talet 3.51 34.25 1475.58 
758.8 T56.0 3.58 34.26 1475.63 

Means Siama & # of Sound Velocity differences -@.11 

152.668 


Rast 24 


THIS PaGs 15 8 
FROM OOFY Fudalos 


eb TO DDC — 


Pozition 49-10°H 132-46°H 


es QUALITY PRACTICABLM 


Page 
CSVEL#2 


1475.73 


: ’ a neoslains eitoabs teal 


ve 9 cit the ee Te ge ree eT 0 tH 


Cie ree ee) ce Sabet bacgpeeeeen Lume tt 2 Fg ae. 
7 Bate: H9ebs bes lime: 8145 & b5secands 
fleet h dBars Teor NSYVEL CSYEL#2 
5.0 S.8 15.05 1583.98 1583.93 
MIN 10,0 18.8 15.10 1543,99 1504.02 
15.0 15.1 15.87 1503.97 1504.01 
20.0 20.1 15.63 1503.96 1503.93 
25.8 25.1 15.02 1504.02 1504,43 
- 34.0 38.2 15.02 5 1564.08 1564.19 
* 35.8 35.2 13.26 6 1498.47 1499.59 
i 40.0 40.2 12.19 -32.67 1495.20 1495.31 
ae 45.0 45.3 11.34 -32.65 1492.32 1492.44 
50,0 50.3 18.63 32.65 1489.73 1496.00 
55.0 55.3 9.98 -32.71 1487.72 1487.83 
60.0 60.4 3.52 32.65 1485.84 1486.13 
65.0 65.4 8.82 32.65 1483.44 1483.65 
70.0 70.4 §&.71 32.70 1483.14 1483.38 
i 75.0 75.5 8.31 32.67 1481.68 1481.93 ' 
| in 80.0 $0.5 8.08 32.75 1481.11 1481.21. 
wt 25.0 85.6 7.97 32.69 1490.55 1480.83" 
ee 90,0 90.6 7.61 32.79 1479.54 1479.64 
fe 35.6 95.6 7.46 32.51 1479.04 1479.17 
190.0 100.7 7.37 32.82 1478.74 1478.93 
195.0 105.7 7.16 32.99 1478.17 1478.31 
Pm 110.0 110.7 7.84 32.94 1477.78 1477.96 
| “ “| 115.0 115.8 6.87 33.03 1477.39 1477.50 
: * 120.0 120.8 6.76 33.09 1477.01 1477.21 
} 4 125.0 125.9 6.65 23.18 1476.85 1476.96 
ar a | 130.6 130.9 6.56 -33.20 1476.61 1476.72 
| 135.0 135.9 6.44 33.41 1476.47 1476.59 
a) a 140.0 141.0 6.39 33.46 1476.50 1476.57 
at 145.0 146.0 6.33 33.49 1476.53 1476.62 
é. So 150.0 151.9 6.35 33.53 1476.55 1476.64 
& | Be 155.0 156.1 6.30 33.60 1476.54 1476.63 
oq 160.0 161.1 6.26 33.66 1476.48 1476.61 
4 4 2 165.4 166.2 6.29 33.71 1476.47 1476.54 
“4 = 178.0 171.2 6.19 33.74 1476.51 1476.60 
%y a § 175.0 176.2 6.19 33.75 1476.57 1476.64 
tS 3 @ m 180.0 181.3 6.13 33.77 1476.51 1476.58 
7 23 135.0 186.3 6.11 33.78 1476.48 1476.57 
rat. fe 194.0 191.4 6.065 33.99 1476.30 1476.47 
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